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Introduction

In northern Europe, climate change is expected
to cause grave challenges for cities and
regions. Settlements, and particularly along
the waterfronts, will be confronted with heat
waves, cold spells and rising sea levels. Thus,
climate change has impacts on both people and
the built environment (Gill et al. 2007: 116).
Effects of climate change will be recognised
increasingly in the coming decades (IPCC
2007). As a result the discussion about adap-
tation strategies, along with effective climate
protection, has recently become a major topic
in politics as well as in science (ARL 2007: 1).
At first, the political discussion focused prima-
rily on requirements for adequate mitigation
strategies that help to prevent climate change
for example by controlling CO, emissions.
But in recent years, attention has also been
drawn towards the topic of adaptation and
corresponding measures to cope with climate
change and its impacts (e.g. Adger et al. 2003;
Bulkeley 2006; Bruin et al. 2009; Fissel and
Klein 2006).

Looking at Germany, in anticipation of the
effects of climate change, the coastal zones
need to be prepared not only for a rise in
sea level but also for a growing risk of storm
surges (Woth et al. 2005: 3). Northern German
waterfronts are densely populated areas and
hence highly vulnerable. Looking to the past,
it is obvious that adaptation to the natural
dynamics of the sea level has a long tradition
on the coastline of the North Sea. Dwelling
mounds, such as those on North Frisian Holms,
or water-orientated living, like houseboats in
the Netherlands, show experiences in flood-
adapted construction. It is anticipated that
climate change will create a new dimension of
threat, especially to the coastline.

Although multiple adaptation options are
already available, more extensive efforts seem
to be required to reduce the vulnerability to
climate change (IPCC 2007: 14). This article
deals with the question of how adaptation can
handle a high level of uncertainty concerning
future risks of climate change and how this
can be included in the concept of resilience.
The thesis states that adaptation to climate
change needs a change of underlying para-
digms. This article exemplifies the new para-
digm “living with water” for the Metropolitan
Region of Hamburg and in particular for the
case of Hamburg’s Elbe Island with about
50.000 inhabitants.

Urban Development and Climate Change
in Hamburg

The Free and Hanseatic City of Hamburg is
situated 120 km south-east of the North Sea.
Affected by tides on a daily basis, the tidal
area extends to a flood barrage in the city of
Geesthacht, 30 km east of Hamburg. Hence,
Hamburg is formally located on the North Sea
coastline. As a result the city not only profits
from the advantages of being a port city, but
is also obliged to deal with the difficulties
of its location. The most significant of these
challenges is the threat of storm surges, a
phenomenon which is likely to increase due to
climate change (Woth et al. 2005: 3).

The risk of storm surges has a direct influence

not only on dike construction, but also on life
within the floodplains. Against this background
urban and regional planning in Hamburg have
followed a strict pattern throughout the centu-
ries: living was situated in the “Geest” (dry
area) and working in the “Marsch” (wet area).
For example Hamburg’s prominent “Federplan”,
designed in 1920 by Fritz Schumacher, head of
the city’s planning department, not only shows
urban development along traffic axes - thus
reminiscent of the lines of a feather-shape - but
also identifies the Hamburg Elbe Island as being
located in the “"Marsch”, underlining that this is
no area for further settlement (see figure 1).
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The Senate of Hamburg departed from this
pattern some years ago. Hamburg’s recent
vision of a growing city and the urban devel-
opment concept “Leap across River Elbe” are
results of this change. On Hamburg’s Elbe
Island new living and working areas have
been planned in the quarter of Wilhelmsburg
(FHH 2005: 7 and 71; FHH 2007: 30). This
new orientation of urban development has not
only been inspired by politics and administra-
tion, but also by interest groups such as the
Chamber of Commerce (Handelskammer 2004:
7). It is estimated that between 15,000 and
50,000 new inhabitants could live on the Elbe
Island in the near future (FHH 2007; FHH 2003;
FHH 2002). This would mean the potential to
double the current population and would also
correspond with an expansion of the associ-
ated commercial and industrial areas. If new
building projects were to be conducted at this
scale, it would vastly increase the danger of
damage by storm surges. However, none of the
various predictions studied discusses how to
deal with the potential risks posed to the Elbe
Island’s population by climate change.

In order to illustrate the extent of the threat,
it is worth looking back at events that have
already occurred. In 1962 Hamburg was hit by a
heavy storm surge which took the lives of more
than 300 people. At that time the Senate of
Hamburg passed a resolution that envisioned a
withdrawal of housing from the whole western
part of the Elbe Island. The resolution stipu-
lated that these areas should be abandoned
and used solely for the expansion of the port
(Schubert and Harms 1993: 49). It was enacted
in 1965 and was officially binding until 1977,
when it was withdrawn by the Senate because
new plans had come up to develop the Elbe
Island. Despite this, the port never expanded
into this area. The resolution’s effects were
long-lasting, as people left the affected district
and land and real estate owners no longer

Fig. 1: Plan for the de-
velopment of Hamburg from
1920 according to Schumacher
(modified by FHH 2007: 30;
Kallmorgen 1968: 161)
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invested in the supposedly worthless buildings.
As a result, residential buildings decayed and
there was a socio-economic shift from middle-
class to low-income inhabitants. Although the
existing buildings were renovated after 1977
due to governmental subsidies, the social
marginalisation of the quarter still is a matter
of concern for the city and is a dominant topic
of current urban renewal efforts. An example
of this is the International Construction Exhibi-
tion which is taking place in Wilhelmsburg from
2007 to 2013.

The development of the Elbe Island after the
traumatic storm surge of 1962 shows that
flooding can have immediate as well as long-
lasting effects. The importance of the topic
of storm surges within urban planning cannot
be overemphasised. As a result it seems
particularly surprising that there are hardly
any building restrictions behind the dikes on
Elbe Island, although living in front of the dikes
is prohibited, and those who live behind are
to a large extent reliant on the existing flood
protection systems.

However, in the interest of the population
the question arises, how the growing risks
resulting from climate change could be dealt
with and which planning guidelines could help
minimise damage in case of a dike failure? In
the following sections the handling of storm
surges in urban development is discussed and
the necessity of a paradigm shift from flood
protection systems to a risk management in
coastal zones is outlined.

Vulnerability, Resilience and Adaptation
Capacity as Variables of Adaptation

Climate change adaptation is described as a
“[...]Jprocess, action or outcome in a system [...]
in order for the system to better cope with,
manage or adjust to some changing condition,
stress, hazard risk or opportunity” (Smit and
Wandel 2006: 282). Vulnerability, resilience
and adaptation capacity can be seen as basic
variables of adaptation to climate change
(Adger et al. 2003; IPCC 2007; Smit et al.
2000). In this context the concept of vulner-
ability is characterised by its distinct spatial
and temporal scales, by scientific uncertainties
regarding scenarios and models, and by the
policy context (Flssel and Klein 2006: 301-2).
Therefore the sensibility of cities and regions
towards unpredictable changes depends on
social, ecological, economic and political
conditions.

Regarding increasing storm surge risks, the
concept of resilience is related to vulnerability.
The notion of “resilience” is discussed in
different ways and a transfer of the concept
in practice is difficult to consider. One defini-
tion describes resilience as “degree to which
a system rebounds, recoups or recovers from
stimulus” (Smit et al. 2000: 238). Other defini-
tions characterise resilience as “a return time
to a steady-state following a perturbation”
(Gunderson 2003: 34). According to these,
and with respect to climate change, resilience
can be seen as the resistance of systems to
change their capacity to adapt on their own. In
dealing with cities, resilience has been used in
the context of their sensitivity to disasters and
their ability to deal with natural disasters and
uncertainties. Resilient cities aim at built-in

systems that help adapt to change (Newman
et al. 2009: 6). Resilience includes three inte-
grated systems to enable people and nature to
face disturbance: first, “the amount of change
a system can undergo [..] and still remain
the same controls on function and structure”,
secondly, “the degree to which the system is
capable of self-organization”, and finally, “the
degree to which the system expresses capacity
for learning and adaptation” (Resilience Alli-
ance 2009). Therefore, the concept of resil-
ience goes along with the adaptation capacity.
Against this background the characteristics of
flexibility and robustness are considered the
most relevant to enhance resilience (Folke et
al. 2002: 6 f.; Gunderson 2000: 434; Zeven-
bergen 2007: 6).

- Flexibility is explained in terms of ecological
adaptivity and as living with environmental
variability. Corresponding ways of life that cope
with increased variability and unpredictability
of environmental conditions, like changes in
seasonal cycles or water levels, are able to
increase the adaptive capacity (Berkes and
Jolly 2001: 18). Furthermore, the buffering
capacity in flood-prone areas is seen as criteria
of flexibility. An example of this is the capacity
for water storage (Fankhauser et al. 1999:
72). Thus, reserve areas become relevant to
protect against extreme floods because they
offer retention space for minimizing high water
levels.

- Robustness means strengthening coastal
protection to withstand severe storms and
floods (Bruin 2009: 24, Fankhauser 1999: 72).
The built environment is described as robust as
it can be adjusted to withstand a wider range
of future weather conditions (ibid.: 76). Hence,
strong, less sensible building structures have
become relevant criteria for the adaptation
capacity.

Living with environmental dynamics as well
as providing buffer capacities to withstand
extreme events are relevant criteria for the
development of resilient settlement structures.
Urban systems are obliged to be pliable and
compliant to achieve a sufficient adaptation
capacity (Smit et al. 2000: 238).

Against the background of the described
variables of adaptation the question arises of
whether the current practices are still suit-
able.

Shifting Paradigms of Adaptation to
Climate Change

Today’s flood management in Hamburg relies
mainly on technical engineering solutions.
The water management administration has
developed highly qualified flood protection
systems with excellent safety standards.
Nevertheless, although technical installations
for flood control provide protection, they
create an illusory sense of security for living
behind the dikes so that the potential danger
is suppressed or forgotten (Kron 2003: 88).
While flood protection traditionally has been
focused on technical solutions like dikes, flood
barriers or walls which contain the natural river
bed and concentrate on a single line of protec-
tion, the recent debate about consequences
of climate change has taken into account the
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limits of existing danger prevention (e.g. Aerts
2008: 41; Jolly 2008: 147). The faith in tech-
nical measures and their capability to contain
nature is increasingly being questioned and
there have been many discussions regarding
the reduction of vulnerability in the event of
flooding. Plate (2003: 40) describes this change
as a new requirement for flood management:
technical security in regard to flood protection
is no longer able to cope with the exigencies
of modern flood hazards. It constitutes fixed
waterfronts and does not allow flexibility in
floodplains. Therefore a change of paradigm
from prevention to management of danger has
been proposed (Greiving 2003: 129; Schmitt
2011: 43). Risk analysis and risk assessment
describe new ways of planning in coastal
zones.

These changes become apparent when taking
a closer look at the international debate on the
topic. For example, in the Netherlands where
for a long time flood protection has also prima-
rily been based on technical solutions such as
raising levees and building flood barrages and
walls, an increasing number of supplementary
approaches have been considered (Bruin et
al. 2009: 25). Besides technical solutions,
new ways of handling uncertainties in water
management - for example flood insurances,
flood risk mapping systems, general risk
management systems, and urban concepts like
“room for the river”, which includes measures
to give the natural flooding area back to the
river — have been applied (Aerts et al. 2008:
41; McGranahan et al. 2007: 20). Lately the
discourse has gone further and has switched
the attention to alternative ways of “living
with water” (Immink 2004: 388). Studies
and projects concentrating on flood adaptive
building in urban development have been
completed (e.g. Flesche and Burchard 2005: 29;
Veerbeek 2008: 52; Zevenbergen 2007: 8 f.).

Within these strategies the areas behind the
dikes and near the river have become a main
focus of coastal protection. Restricted and
adjusted behaviour in the coastal zones has
now become relevant. The adjusted focus on
dike zones rather than dike lines is also a new
approach for urban planning because these
areas are part of the already existing urban
settlement structure. As a result, a close
cooperation between water management and
spatial planning is required, including more
institutional flexibility and learning within the
different stakeholders groups being involved
in waterfront planning (Aerts et al. 2008: 41).
Against this background, strategies tackling
storm surge risk can be divided into four
categories of prevention (BMBVS 2006: 4; Egli
2005: 64 ff.):

- Area prevention: either maintaining
open spaces or conscious positioning of
buildings and constructions.

- Constructional prevention: the adapta-
tion of buildings regarding potential
flood dangers.

- Risk prevention: specifically financial
prevention in the form of private savings
or insurance policies as well as emer-
gency measures like mobile walls and
sandbags.

- Behaviour prevention: individual prepa-
ration for possible flood events.

“Living with water” and “cascading flood
compartments”: New approaches of adap-
tation on Hamburg’s Elbe Island

Hamburg’s Elbe Island is an urban quarter
with about 50,000 inhabitants. It is situated
directly on the River Elbe which has developed
a broad delta of various streams in this part of
the city. Its limits are the Northern Elbe and
the Southern Elbe. For the City of Hamburg
this broad extension of the river Elbe is a main
challenge because of the question it poses:
how can these different parts of the city which
are situated north and south of the river Elbe
be linked? Because of this unique linkage for
Hamburg’s urban development, the Elbe Island
has become the focus of an ambitious urban
development processes (FHH 2005). The
concept “Leap across the River Elbe” and the
International Building Exhibition “IBA 2013”
have been initiated to connect the northern
and southern parts of Hamburg in a better way.

An additional challenge is that the Elbe Island is
exposed to severe storm flood risks - formally
still being part of the North Sea that reaches
far into the inland. Currently, the island is
protected by a circular embankment. However,
in respect to future climate change, these
levees cannot be raised indefinitely. Against
this background of limited flood protection
by the embankment, in the research project
“Urban Flood Management” new ways of “living
with water” were explored, and the “system of
cascading flood compartments” was developed
as an unconventional strategy for the Elbe
Island to protect flood resilient waterfronts
(Knieling et al. 2009; Pasche et al. 2008).
At present, this strategy has the status of a
scientific concept and one that steps out of
line of current flood protection strategies in
Hamburg.

Fig. 2: Elbe Island of Ham-
burg-Wilhelmsburg (modified
by FHH 2009, map of Hamburg
1:60 000)
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Fig. 3: Adaptation  strat-
egy “System of Cascading
Flood Compartments” (Pasche
et al. 2008: 308; Knieling et al.
2009)

Fig. 4: Principle of the
adaptation strategy “System
of Cascading Flood Compart-
ments” (Pascheetal.2008:305)
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The “system of cascading flood compartments”
combines area prevention with constructional
solutions. The idea is to (re)build a second dike-
line of polders behind the primary dike, thereby
creating a system of different compartments
(see fig. 3 and 4). Polders are low lying areas
enclosed by embankments or dikes. In the
case of a dike overflowing, the system diverts
the water to the hinterland. New internal dikes
within the existing ring-dike would protect
the most economically valuable areas on the
Elbe Island (Aerts et al. 2008: 41). In addition,
certain housing areas with a dense population
would gain further protection against extreme
floods. Residences within these compartments
would get additional fortification against flood
risks by constructional prevention. When
expanding to the waterfronts, these areas
could also be used for flood-secure types of
housing like floating or amphibian homes.
Four different types of adaptive building can
be identified specifically for this area (e.g.
Waterstedenbouw 2007; Flesche 2005: 24 ff.;
Simons 2008: 13 ff.):

- Swimming or floating houses, which are
dependent on permanent high water
levels; they are options for canals or the
river themselves.

Dike houses, which are multi-functional:
they build a dike line, and provide
housing.

Amphibian houses, which need tempo-
rary high water. They flow with the
dynamic of changing water levels.
Houses on stilts, which have a long
tradition in flood protection and may
safeguard their inhabitants in temporary
flooded areas.

Living with a degree of environmental vari-
ability is a key criterion of adaptive capacity
(Berkes and Jollys 2001: 18). This criterion
is integrated into the way people live with
varying levels of water within the compart-
ments and possible future risks. The compart-
ments presented offer multifunctional spaces,
which under normal conditions can be used as
open spaces, like public squares or sporting
fields, and during flood events converted into

floodwater retention areas (Veerbeek et al.
2008: 64). Depending on the water level, the
compartments provide flexible elements for
dealing with flood risks.

With regard to the system’s ability to func-
tion in the face of a disturbance, e.g. extreme
flood events, a “system of cascading flood
compartments” is expected to be less vulner-
able. Because the buildings within the flood
compartments are to be adapted to high water
levels, the damage will be less than without any
restrictions for buildings and usages behind
the dikes. However, some local authorities view
the strategy critically because the population’s
trust concerning the main dike line could be
undermined. Already existing buildings in the
area that have not been adapted sufficiently
could lose value compared to flood adapted
dwellings. This demonstrates that it is relevant
to tackle obstacles that can occur during the
transition period of implementing such a new
strategy. Aspects like citizens’ risk perception,
acceptance of new types of living, or willing-
ness to accept the new orientation are relevant
constraints on the implementation of a “system
of cascading flood compartments” (Knieling et
al. 2009).

The compartment strategy and the different
approaches for “living with water” goes along
with the above-mentioned change of paradigms
in flood protection management. Instead of
only relying on a single dike line, the whole
area behind the dike is part of the adaptation
strategy. Restrictions for building and usages
as well as a new concept of “living with water”
enhance the protection.

Conclusion

With the growing threat of storm surges, the
impacts of climate change on waterfronts
can be tackled in two different ways: first, it
is possible to seal off areas from the sea by
flood barrages and dikes; and second, adapted
settlement structures behind these dikes can
provide additional flexibility and contribute
to strengthening the resilience of cities. Both
approaches stand for different paradigms
of flood protection; they compete with each
other, but can as well be complementary. This
contribution aimed at describing potentials as
well as restrictions of the second approach.

In the case of the Hamburg Elbe Island, so
far protection strategies have mainly been
focused on a single dike line. The “system of
cascading flood compartments” described
above is expected to offer additional protec-
tion. It contains second dike lines, a compart-
ment structure providing flexible water storage
capacity, and adaptive types of building.
Furthermore, floating and amphibian homes
as well as technical adaptation measures
concerning single houses, such as removable
walls, complete water-related settlement sites
and provide future flood-secure living.

The existing instruments of spatial planning
provide various possibilities to integrate
elements of the described adaptation strate-
gies. An example is securing buffer areas for
extreme weather events over long time periods
or to rule specific quality standards concerning
adaptive building. In any case, as far as plan-
ning instruments are concerned, the finality of
planning as well as of the built environment
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implies the disadvantage of being relatively
static and, therefore, not meeting the require-
ment of flexibility. Further research should deal
with this contradiction and consider how urban
planning as well as the building environment
can integrate more elements of flexibility and
dynamics, including the degree of responsive-
ness of settlement sites with regard to the
expected changing requirements concerning
future climate change.

On the one hand strategies like the “system of
cascading flood compartments” may contribute
to a more appropriate understanding of future
adaptation challenges and enhance the resil-
ience of urban waterfronts. On the other hand,
concerning the necessary shift of paradigms
in adaptation, it seems to be of essential
importance to analyze properly the dominant
planning cultures and self-conceptions of flood
adaptation in administration and politics. If a
planning paradigm shift from a safety-oriented
to a risk-management culture takes place, the
approach of “living with water” can play a key
role in the redevelopment of resilient water-
related residential areas. From this point of
view, adaptation might not only be seen as a
necessity but could also become a potential for
urban development regarding water-related
sites.

Another aspect of adaptation is the social and
institutional implication, which has only been
briefly touched upon in this article. The inhabit-
ants’, as well as the house owners’, willingness
to participate and their acceptance of new
concepts and measures are essential elements
of the development and implementation of
adaptation strategies. With its specific history
and social structure Hamburg’s Elbe Island
shows that water-related settlements have to
be sensitive to the demands of economically
deprived inhabitants. Otherwise they threaten
to accelerate gentrification processes, pushing
people out of their quarter. Further research
about adaptation strategies and adaptive
urban planning should include the analysis of
social consequences as well as communication
and learning processes.

From an institutional point of view adapta-
tion is managed in a highly complex field of
public and private actors, administrative
resorts, and different levels of competencies.
For implementing changes in paradigmatic
understanding of adaption as well as in stra-
tegic thinking - “living with water” as a new
risk perception - the institutional context is
of high importance. Further research topics
can be identified in the field of climate adap-
tation governance, including the analysis of
actor interests and reasoning as well as the
institutional perspective of coordinating flood
adaptation.

In conclusion, it should be mentioned that the
conceptual considerations described must also
be aware of the societal framework of water-
front development. On one hand this final
aspect underlines the complexity of the urban
development processes; on the other it empha-
sises the fact that the question of resilience is
not only a technical or engineering issue, but
also a broad debate between both engineering
and social sciences. In this field, there is still
quite a substantial range of research opportu-
nities yet to be explored.
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